It is the general opinion that the haemoproteid blood parasites of chelonians belong to the genus Haemoproteus. Di¡erent speci¢c names have long been assigned to this parasite in birds, but some past authorities have accepted only a single species, H. metchnikovi, for all those haemoproteids recorded in a wide range of chelonian genera throughout the world. In the present study, a comparison of one such organism in the tortoise Geochelone denticulata with another in the river turtle Peltocephalus dumerilianus, from Amazonian Brazil, has revealed clear morphological di¡erences. These distinguish the parasites from each other, H. metchnikovi and the other named species of chelonian Haemoproteus for which adequate descriptions are available. We have assigned to them the names Haemoproteus geochelonis n.sp. and Haemoproteus peltocephali n.sp.
INTRODUCTION
The term`malaria parasites' has been widely used in the past to include all those protozoal parasites inhabiting the red blood cells of their hosts and in whose cytoplasm pigment (haemozoin) is produced following digestion of the haemoglobin. Such parasites have an extraordinarily wide host and geographical range, occurring in all manner of reptiles, birds and mammals, including man. It is now more customary to restrict this term to parasites of the family Plasmodiidae, whose asexual multiplication (merogony) in the bloodstream produces the disease malaria. Other pigmented parasites, of the family Haemoproteidae, undergo no such division in the blood, where they circulate only as gametocytes and produce no comparable signs or symptoms of malaria. Such haemoproteids include, among others, Haemoproteus of reptiles and birds, Nycteria and Polychromophilus of bats, and Hepatocystis of monkeys and various other mammals.
Although the haemoproteids di¡er in this way, they clearly have very close a¤nities with members of the Plasmodiidae. For this reason a study of their morphology and life cycles has contributed greatly to our present knowledge regarding the`true' malaria parasites of man, which still cause such an appalling loss of life in so many parts of the world. In this respect a particularly important role has been played by the genus Haemoproteus, a study of which resulted in the discovery by MacCallum (1897) of the nature of the`ex£agellating body' (formation of gametes by the male gametocyteö¢rst witnessed, but not understood, by Laveran in 1880) , and the existence of the exoerythrocytic merogony of`malaria parasites' in the internal organs by Araga¬ o (1908) .
The generic name Haemoproteus was ¢rst used in the description of H. columbae in the blood of the pigeon Columba livia by Kruse (1890) , who suggested that until evidence indicated otherwise, similar parasites in other birds should each be named after the host in which it was found. Many subsequent authors have faithfully followed this suggestion, with the result that there are at present some 173 di¡erent avian species of Haemoproteus listed in the literature, almost all descriptions of which are limited to the gametocytes, the only stages of the parasite which circulate in the peripheral blood. The Sergent brothers (1906) were the ¢rst to incriminate the ectoparasitic £y, Pseudolynchia canariensis as the vector of H. columbae, and their observations were later con¢rmed by a number of other workers. It remained for the Brazilian parasitologist Araga¬ o (1908) to ¢rst demonstrate the schizogonic stages of H. columbae in the endothelial cells of the lungs of nestling pigeons infected by the bite of infected Pseudolynchia, and similar asexual stages were later shown to exist for other avian Haemoproteus species (Wenyon 1926; Baker 1966; Peirce 1976) .
The ¢rst record of a haemoproteid parasite in a reptile was that of Simond (190l) who gave the name Haemamoeba metchnikovi to non-dividing pigmented parasites (gametocytes) in the blood of a tortoise from India, at that time known as Trionyx indicus and since reclassi¢ed as Chitra indica. Subsequent workers gave di¡erent speci¢c names within the genus Haemamoeba to similar parasites discovered in a variety of other chelonians (see table 1 ). The situation became complicated when Johnston & Cleland (1909) considered that the pigmented gametocytes they had found in the blood of the Australian tortoise Chelodina longicollis were more similar to those of Haemocystidium, the name given to a haemoproteid of the gecko Hemidactylus in Sri Lanka by Castellani & Willey (1904) . They consequently referred to the parasite of the Australian tortoise as Haemocystidium chelodinae and, doubtless in£uenced by this decision, Plimmer (1912) used this generic name when, in the Zoological Gardens, London, he recorded the presence of similar parasites in ¢ve di¡erent chelonians, originating from Central America, North America and West Africa. Wenyon (1915 Wenyon ( , 1926 discussed the taxonomy of the pigmented blood parasites of reptiles in general, and concluded that they either belonged to the genus Plasmodium (schizonts and gametocytes in the erythrocytes) or to the genus Haemoproteus (only gametocytes in the erythrocytes). He drew attention to the observation of Joyeux (1913) that when a drop of blood was incubated in a humidity chamber, £agellation of the male gametocyte of the reptilian parasites referred to as Haemamoeba or Haemocystidium was very similar to that of Haemoproteus of birds. This, and morphological similarities, led him to transfer all parasites of reptiles previously placed in those two genera to the genus Haemoproteus (Kruse 1890), and to suggest that all those recorded in chelonians probably belong to the one species, H. metchnikovi.
In the absence of any information on the vectors, sporogony and exoerythrocytic schizogony of chelonian haemoproteids, however, opinions continued to di¡er regarding their taxonomy. Hewitt (1940) and DeGiusti (1965) followed Wenyon's suggestion and referred to all the parasites they found in the North American turtles Pseudemys elegans, Graptemys geographica, Emys blandingi, Trionyx spiniferus and Chrysemys picta as H. metchnikovi. Santos Dias (1953) , however, gave the name of Haemoproteus balazuci to a parasite of the tortoise Cinyxis belliana in Mozambique, and Mackerras (1961) even reverted to the name of Haemocystidium for the haemoproteid she studied in the Australian tortoise Elseya dentata.
It was considered by most authorities that taxonomic confusion at the generic level should have ceased when DeGiusti (1965) demonstrated megaloschizonts of a haemoproteid he identi¢ed as H. metchnikovi in the spleen of the North American turtle Chrysemys picta, and concluded that they closely resembled those of H. columbae. In the following year, however, Garnham (1966) created a new generic name, Simondia, for the haemoproteids of chelonians and, following the opinions of Wenyon, Hewitt and DeGiusti suggested that all these parasites belonged to the same species, Simondia metchnikovi. He retained the name Haemocystidium for the haemoproteids of lizards. Levine & Campbell (1971) , Levine (1988) and Paperna & Landau (1991) placed the haemoproteids of chelonians and lizards ¢rmly in the genus Haemoproteus, and accepted most of the di¡erent speci¢c names that have been given to the parasites in di¡erent reptilian hosts.
Although Lainson (1994) preferred to retain the genus Simondia for the chelonian parasites, we now feel that on the strength of biological characters alone it is probably wiser to place both the avian and chelonian haemoproteids in the genus Haemoproteus. It remains to be seen whether molecular, biochemical or immunological studies might prove otherwise.
Chelonians form a very ancient group of reptiles that has remained virtually unchanged since the mid-Triassic Period, some 200 million years ago, and their parasites are clearly of considerable phylogenetic interest. This paper describes and names two previously unrecorded haemoproteids of chelonians, one in the tortoise Geochelone denticulata and the other in the freshwater turtle Peltocephalus dumerilianus, both from Amazonian Brazil. It is hoped that this might stimulate a revival of interest in these poorly understood members of the Haemoproteidae.
MATERIALS AND METHODS
The infected specimen of G. denticulata we used was an adult male, captured by hand in an area of primary rainforest near Monte Dourado, north Para¨State, Amazonian Brazil, in April 1979.
Thin blood ¢lms and impression smears of spleen, liver and lung were air dried, ¢xed in absolute methyl alcohol and stained by Giemsa's method (30 drops of stain per 15 ml of distilled water bu¡ered to pH 7.4). Tissues were ¢xed in Carnoy's solution and embedded in para¤n wax: histological sections, cut at 4.0 mm, were stained with haematoxylin and eosin or by the GiemsaĈ olophonium method (Bray & Garnham 1962) .
Material from a number of specimens of the freshwater turtle Peltocephalus dumerilianus was obtained when these animals were being killed and sold in the local market of Barcelos, on the river Rio Negro, State of Amazonas, north Brazil, in January 1996. Thin blood ¢lms and tissue smears were treated in the same manner, but tissues were ¢xed in 4% bu¡ered formol saline, pH 7.4, and sections were stained only by haematoxylin and eosin.
Parasites in the erythrocytes of the thin blood ¢lms were measured by normal light microscopy with a Â100 neo£uar objective, Â10 eyepieces and an ocular micrometer. Photomicrographs were prepared by using a Zeiss Photomicroscope III and Kodak TMX 100 ¢lm. All measurements are given as means, with the range in parentheses, followed by the shape index (ratio of length to width).
RESULTS
(a) Haemoproteus geochelonis n. sp.
(See ¢gures 1 and 3.) (i) Description
The parasite develops in the mature erythrocytes. In Giemsa-stained blood ¢lms the smallest forms seen (¢gures 1a,b and 3c) were round-to-ovoid and measured 1.6 mm Â1.0 mm. The presence of a conspicuous vacuole, around which both the cytoplasm and the chromatin are distributed in a thin band, gives these tiny forms a strong resemblance to the ring forms of Plasmodium falciparum or Theileria. The parasites show very little amoeboid activity throughout their subsequent growth (¢gures 1c and 3a^g), retaining a spherical, broadly ovoid or kidney-shaped outline. When reaching approximately 4.0 mm Â 3.0 mm, male and female gametocytes can be distinguished readily by their characteristic coloration with Giemsa stain (¢gure 1c). The cytoplasm is ¢nely vacuolated and most of the parasites now show a single, larger vacuole (rarely two), most frequently situated near the periphery of the organism (¢gure 1c, f ). Dark, greenish-black pigment granules are usually clumped in a group at the periphery of the organism. Multiple infection is particularly common at the young stage of development (¢gures 1b and 3a^c), with ¢ve parasites seen in an erythrocyte on one occasion. However, not all the parasites of such multiple infections are destined to reach maturity, which was supported by the observation that the maximum number of fully developed gametocytes in a given cell was two. In these double infections, which are quite common, the gametocytes occupy a polar position at each extremity of the erythrocyte (¢gures 1d and 3g). No mature parasites were seen in a lateral position and no elongated or`halteridium' gametocytes were found.
The largest and presumably mature microgametocytes (¢gures 1e and 3g) are round, or a broad kidney-shape, and on average measure 6.0 mm Â 5.3 mm (5.28
.0 mm Â 4.4^6.0 mm) out of 37 measured; shape index 1.1 (1.0^1.5). Conspicuous by their overall pinkish colour, they possess a ¢nely vacuolated cytoplasm and, usually, a single, large vacuole (rarely two) measuring approximately 1.0^1.5 mm. The pigment granules vary in size and number (8^16) and are predominantly bacilliform in shape. They most commonly remain as a dense clump near the periphery of the parasite. The nucleus is illde¢ned, but a single or fragmented karyosome is sometimes visible because of its deeper pink coloration.
Mature macrogametocytes (¢gures 1d and 3h) are also round or broadly kidney-shaped. Slightly larger than the microgametocytes, they measure approximately 6.5 mm Â 5.4 mm (4.4^8.1 mm Â 3.7^7.4 mm) out of 33 measured, shape index 1.2 (1.0^1.5). The ¢nely vacuolated cytoplasm stains a bright blue and, like that of the microgametocyte, usually contains a single large vacuole (rarely two) and pigment granules which are similar in form, colour, and disposition to those of the microgametocyte. The compact, well-de¢ned nucleus contains a conspicuous karyosome.
Erythrocytes containing several developing parasites or even two fully developed gametocytes are neither enlarged nor deformed, and the host cell nucleus su¡ers no distortion or displacement. The sex ratio in the peripheral blood was 1.0 microgametocyte to 1.1 macrogametocytes.
The infected tortoise also harboured a haemogregarine, developmental stages of which were sometimes found in the same cell as the Haemoproteus gametocytes (¢gure 1e,f ). In such infections the host-cell nucleus is markedly displaced and deformed by the fully developed haemogregarine (¢gure 1f ).
(ii) Type host
The tortoise, Geochelone denticulata (Linn. 1766). Unknown. The infection was detected in a single specimen of G. denticulata.
(vi) Pathogenicity
Unknown. The infected animal appeared to su¡er no ill e¡ects.
(vii) Etymology
The speci¢c name is derived from the generic name of the host, Geochelone.
(b) Haemoproteus peltocephali n. sp.
(See ¢gures 2 and 4.) (i) Description
Development of the blood forms occurs in the mature erythrocytes. In three of the infected turtles examined, the gametocytaemia was very light and consisted solely of mature gametocytes. Parasites were more frequent in the fourth animal, but only three immature forms were detected: two males and a female (¢gures 2a,d and 4aĉ ). The males were markedly amoeboid, with their ¢nely vacuolated, pinkish cytoplasm drawn out into spiky pseudopodia. The indistinct limits of the nucleus were indicated by a band-like zone staining a deeper pink, and the presence of a more deeply staining karyosome (¢gure 4a). Approximately 15^20 dark, green-black, bacilliform pigment granules were scattered in the cytoplasm. There were two large vacuoles present in one of the parasites, but none was visible in the other. The cytoplasm of the young macrogametocyte stained a bright blue and was thrown into a number of blunter pseudopodia, giving the parasite a wavy outline. It contained three larger vacuoles and about 23 pigment granules similar in shape, size and distribution to those of the developing males: the relatively compact nucleus was peripheral in position and no distinct karyosome was visible. The mature gametocytes of H. peltocephali are consistently polar in their position within the erythrocyte, and vary in form from round, broadly ovoid to kidney-shape. Some of the latter forms curve slightly around the host-cell nucleus (¢gures 2 f and 4d), but on no occasion were elongated or`halteridium' forms seen. The numerous and conspicuous pigment granules are predominantly bacilliform and scattered in the cytoplasm, either singly or in small clusters. The number of granules seen was never less than 12, sometimes exceeded 30, and averaged 21 (17 gametocytes examined). There was no signi¢cant di¡er-ence in the number or distribution of the granules in the male and female gametocytes. The number of large cytoplasmic vacuoles was very variable. Some mature male and female gametocytes appeared to have no such vacuoles (¢gure 2b, f ), whereas in others (¢gures 2c,e and 4d^j) the number varied from 1 to 7. The size of these vacuoles was equally variable, and ranged from 2.0 mm to a mere 1.0 mm in diameter.
Mature microgametocytes (¢gures 2e, f and 4d^f ) have a mean measurement of 9.0 mm Â 7.6 mm (6.7^12.5 mm Â 6.09
.0 mm), shape index 1.2 (1.0^2.0). The ¢nely vacuolated cytoplasm stains a delicate pink or mauve-pink, and the nuclear zone is usually indicated by the presence of a deeper staining single or fragmented karyosome. Fully developed macrogametocytes (¢gures 2b,c and 4g^j) measure 9.7 mm Â 7.7 mm (7.4^12.6 mm Â 6.21
1.1 mm), shape index 1.2 (1.0^1.4). The cytoplasm is ¢nely vacuolated and stains a bright or greyish blue. The nuclear zone is more compact and distinct than that of the male, and a single or fragmented karyosome stains a deep, pinkish red.
Haemoproteus of tortoises and turtles R. Infected erythrocytes are not enlarged by the mature parasite and the host-cell nucleus is not displaced or deformed. The sex ratio of gametocytes in the most heavily infected turtle was 1.1 microgametocytes to 1.0 female gametocyte.
(ii) Host
The freshwater turtle, Peltocephalus dumerilianus (Schweigger 1812).
(iii) Locality
The river Rio Negro, near Barcelos, Amazonas State, north Brazil (0.58'S: 62.57'W). 
(vii) Etymology
The speci¢c name is derived from the generic name of the host, Peltocephalus.
DISCUSSION
In£uenced by previous authors who had placed all haemoproteids of chelonians in the single species H. metchnikovi, we were at ¢rst inclined to the view that we were dealing with this parasite in both G. denticulata and P. dumerilianus. A comparison of the two parasites, however, has led us to the conclusion that they are not only di¡erent from H. metchnikovi and other previously described haemoproteids of chelonians (see table 1), but also from each other.
The young stages of H. metchnikovi described by Simond (1901) measured only 1^3 mm, and were of an irregular, amoeboid form, later becoming ovoid, round, kidneyshaped or elongated. The largest of the rounded microgametocytes had a diameter of 6.0^10.0 mm and possessed a small number (rarely more than six) of coarse pigment granules scattered in a disorderly fashion at the periphery of the parasite. The pigment granules of the mature macrogametocytes were more numerous, of ¢ner texture, and tended to be scattered in groups or rings. The diameter of the larger, rounded female parasites was given as 9.0^10.0 mm. Some parasites, presumably both males and females, were said to possess 2^4 small refractile spheres (vacuoles). Mature gametocytes varied from a polar to a lateral position in the erythrocyte.
In comparison, the very young stages of H. geochelonis show little or no amoeboid activity (¢gures 1a^c and 3a^d), and maintain a smooth outline until complete development of the gametocytes which have mean measurements of only 6.0 mm Â 5.3 mm for the males and 6.5 mm Â 5.4 mm for the females. The mature forms are predominantly round to very broadly ovoid, and whereas they may occasionally assume a broad, bean or kidneyshape (¢gure 1d,e), this may be considered as no more than an indentation of the rounded form following pressure against the host-cell nucleus: they are never elongate. The 8^16 pigment granules are similar in form, number and disposition in the male and female gametocytes, and are usually clumped into a single mass at the periphery of the parasite (¢gures 1c^f and 3f^h). They are neither scattered nor arranged in various groups or rings as described in the male and female gametocytes, respectively, of H. metchnikovi. The gametocytes of H. geochelonis usually possess a single, large cytoplasmic vacuole (rarely two), whereas those of H. metchnikovi were described as having 2^4. Position of the mature gametocytes of H. geochelonis in the erythrocyte is always polar, whereas that ¢gured for H. metchnikovi was both polar (rounded) and lateral (elongated).
The young forms of H. peltocephali may remain irregularly amoeboid in form until they are almost the size of the mature gametocytes, at which point they assume a round, broadly ovoid or kidney shape (never elongated). These are closer in size to similar forms of H. metchnikovi, but it is di¤cult to make a direct comparison because Simond gave no details as to the number, range and means of the parasites he measured. He did state, however, that`Les individus les plus volumineux' of the males had a diameter of 6.0^10.0 mm (against 6.7^12.5 mmÂ 6.0^9.0 mm for those of H. peltocephali), and that the largest females of H. metchnikovi were 9.0^10.0 mm (against 7.4^12.6 mm Â 6.2^11.1 mm for those of H. peltocephali). It does seem, therefore, that the latter parasite is the larger of the two. The pigment granules of H. peltocephali are far more numerous (from 12 to over 30) than those of H. metchnikovi, and are scattered throughout the cytoplasm of the parasite rather than concentrated at its periphery or in isolated groups or rings. Once again, the mature gametocytes of H. peltocephali are consistently polar in the erythrocyte, and never lateral and elongated as they sometimes are in H. metchnikovi.
As can be seen from our two descriptions, H. geochelonis is readily di¡erentiated from H. peltocephali by the smaller size of its gametocytes (males, 6.0 mmÂ 5.3 mm against 9.0 mmÂ 7.6 mm; females, 6.5 mmÂ 5.4 mm against 9.7 mm Â 7.7 mm), absence of amoeboid young gametocytes, smaller number of pigment granules, which are usually clumped in a single mass rather than scattered, and a limited number of large cytoplasmic vacuoles (1 Â2 against 1Â7).
A comparison of H. geochelonis and H. peltocephali with many of the parasites previously recorded in chelonians is made di¤cult by descriptions which have poor illustrations or none at all, and inadequate written details. Added to this, the opinion of such a notable protozoologist as Wenyon that all the haemoproteids of many di¡erent genera of chelonians from all parts of the world are H. metchnikowi, must have been a powerful in£uence in dissuading many workers from seeking morphological di¡erences. Whether or not other species are hidden under this name or that of`Haemoproteus sp.' is debatable, and there is need for a renewed study of these parasites in the di¡erent chelonian hosts involved.
The gametocytes of some reptilian species of Haemoproteus may vary in shape from round, ovoid or elongated in the same host (Paperna & Landau 1991 ; see table 1 ). In our experience, however, those of H. geochelonis and H. peltocephali are consistently round, broadly ovoid or kidney-shaped, but never elongated. From the dictionary de¢nition of the word (long and narrow), they may thus be di¡erentiated by this character alone from all but one of the named parasites listed in table1for which adequate morphological details are available.The one exception is H. trionyxii, the gametocytes of which are also consistently rounded. This parasite di¡ers from H. geochelone, however, by the larger size of its gametocytes (males, 8.2 mm Â 7.8 mm against 6.0 mm Â 5.3 mm; females, 10.2 mm Â 7.5 mm against 6.5 mm Â 5.4 mm), smaller number of pigment granules (6^8 against 8^16), which are clumped into a`large, round granule' in the male but scattered in the cytoplasm of the female, and the absence of large cytoplasmic vacuoles in the male. It di¡ers from H. peltocephali by the absence of amoeboid pre-gametocyte stages; far fewer pigment granules (6^8 compared with up to 30, in males); clumping of the pigment and total absence of large cytoplasmic vacuoles in the males compared with scattered pigment grains and from zero to seven large vacuoles in those of H. peltocephali.
The exoerythrocytic stages found by DeGiusti (1965) in the spleen of the turtle Chrysemys picta infected with a parasite considered to be H. metchnikovi, measured approximately 40.0^50.0 mm, and contained a large number of tiny nuclei. Garnham (1966) examined this material and described the megaloschizonts as resembling more the tissue stages of the mammalian haemoproteid Hepatocystis than those of avian Haemoproteus, particularly by the way in which the margin of the schizont was`thrown into irregular processes'.
We have failed to ¢nd any similar schizonts in the tissues of our infected animals. A single, small schizont containing eight rounded merozoites (¢gure 4k) was found, however, within a monocyte in an impression smear of spleen tissue from one of the infected P. dumerilianus. Although having fewer merozoites, it closely resembles the single schizont of a Haemoproteus sp. found by Shortt (1962) in a Kup¡er cell of an infected gecko. As far as we could ascertain, the only other possible source of the schizont in our infected turtle was a Haemogregarina species (¢gure 4n), the schizonts of which (¢gure 4l,m) were commonly found in smears of the liver, lungs and spleen, and less frequently in the peripheral blood. In view of the development of the schizonts of this parasite in the erythrocytes, and their very di¡erent morphology, however, we discount this possibility. DeGiusti et al. (1973) showed the vector of the Haemoproteus of the turtle C. picta to be the tabanid £y Chrysops callidus, but we remain in complete ignorance regarding the vector(s) of the parasite in other chelonians. Our infected tortoise G. denticulata was captured in high, well-drained forest which is ecologically very di¡erent from the low-altitude, riverine habitat of the turtle P. dumerilianus. It is possible, therefore, that di¡erent vectors are involved in the transmission of H. geochelonis and H. peltocephali.
